INTRODUCTION
Throughout this paper let X, y be topological vector spaces, each with zero element e as clear from context, and let A c X, B c Y, C c Y, f y ~ 2 Y, where 2 y is the power set of Y. Standard fixed point theorems state conditions under which there exist solutions to x = f(x) for the singlevalued function f or to Y E F(y ) for the set-valued mapping F. The prototype of the former is the contraction mapping theorem, while that of the latter is the Kakutani fixed point theorem. These results, as well as generalizations, applications, and other references, are surveyed in [ 14 ] . A representative sample of subsequent work is given by [ 4, 5, 8, 9, 10, 13, 15] and the references therein.
In this paper we first show in Section 2 that maximization with respect to a cone, which subsumes ordinary and Pareto optimization, is equvalent to a fixed point problem of determining y such that {y} = F(y). In some cases this equivalence actually provides a computational procedure. This fixed point problem can be considered a hybrid between the previously described standard fixed point problems for single-valued functions and set-valued mappings. We then establish in Section 3 conditions under which such a hybrid fixed point exists; an immediate corollary is an existence result for maximization with respect to a cone. In Section 4 a generalization of the contraction mapping theorem is presented.
A FIXED POINT INTERPRETATION OF OPTIMIZATION
The following definitions are needed. The set C c y is a cone if Ay E C for all y E C and A ~ 0. A convex cone C is one for which AI y I + A2 Y2 E C for all YI' Y2 E C and A1, A2 ~ 0. A cone C is said to be pointed if . This abstract problem has been studied in [2] and [3] and the references therein. When X=Rn, Y=Rm, !t'...,!m:
and C=R~, (1) becomes a Pareto maximization problem which has been considered by numerous authors. Problem ( 1) is shown to be equivalent to a fixed point problem in the following theorem. Proof First suppose Xo is a maximal point. Obviously
If there is another memberf(xl) ofF[f(xo)], then XI is feasible to (1) and satisfies {}:;1!:f(XI)-f(xo)EC, contrary to assumption. Thus (2) is established. Next suppose (2) is true. Then {} :;I!: f(x I) -f(xo) E C cannot hold for any feasible x I to ( 1 ), SO Xo is a maximal point. I
The equivalence of Theorem 1, in contrast to previous work relating optimization and fixed points ( see [ 15] ), does not involve the solution of necessary optimality conditions as fixed point problems. The following example illustrates that Theorem 1 can sometimes be directly applied.
Let lXi' fJ i be scalars and consider the Pareto problem [C+y] for yeB. Fix y= (an) in B and note that lakl < 1 for some k. Let Yk be the sequence which is 0 except in the kth place, where it has value 1 -lakl. It follows that Y+YkeBn [C+y] . Since Y is arbitrary, {Y} #F(y) for all ye B; i.e., max(B; C) = 0.
A CONTRACTION MAPPING THEOREM
We now consider metric spaces and under somewhat different hypotheses establish the same type of fixed point theorem. Theorem 3 is a generalization of Banach's contraction mapping theorem which has been used in the proof of implicit function theorems and existence/uniqueness results for differential equations [ 14 ] , in algorithms in numerical analysis [7] , as well as in other applications [11, 12] . studied in, say [6] and [16] might be one possibility.
